I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

Difficult intubations are common in the Intensive Care Unit (ICU), emergency department (ED), and prehospital settings, with the incidence ranging being between 8% and 13%.\[[@ref1][@ref2][@ref3][@ref4][@ref5]\]

Compromised cardiorespiratory physiology, risk of aspiration, and the presence of specific factors related to the environment and inadequately trained operators render tracheal intubation (TI) in the ICU more likely to be associated with complications compared to that in the operating room (OR). Unlike in the OR, postponing airway management is not an option in critically ill patients who need a definite airway to be secured at the earliest.\[[@ref6]\] The Fourth National Audit Project (NAP4) report of the Royal College of Anaesthesiologist and the Difficult Airway Society\[[@ref7]\] found that more than 60% airway complications in the ICU led to death or brain damage compared with 14% in anesthesia. Several evidence-based strategies have been proposed to improve the safety and outcome of TI in ICU. The All India Difficult Airway Association (AIDAA), therefore, developed guidelines provide a stepwise approach to TI in ICU with the goal of improving safety and outcomes in ICU patients. These guidelines neither represent the minimum standard of practice, nor are they a substitution for good clinical judgment. These guidelines should be used in conjunction with "The AIDAA 2016 Guidelines for the Management of the Unanticipated Difficult Intubation in Adults."\[[@ref8]\]

Methods {#sec2-1}
-------

The methodology adopted for the development of AIDAA guidelines, including anticipated difficult extubation guidelines has been described previously.\[[@ref8]\] A thorough literature search was done using databases/search engine (Medline, PubMed, Google Scholar, and websites of National Societies for airway guidelines) till September 2016. The articles were manually searched from cross-referencing. All manuscripts and abstracts published in English were searched. The key words used included "intubation, intensive care, critical care, critically ill, complications, cardiovascular, preoxygenation, high-flow nasal cannula." For areas that did not have robust evidence, opinions of experts, and members of the societies were taken regarding issues related to TI in the ICU.

C[HALLENGES AND]{.smallcaps} C[OMPLICATIONS DURING]{.smallcaps} T[RACHEAL]{.smallcaps} I[NTUBATION IN THE]{.smallcaps} I[NTENSIVE]{.smallcaps} C[ARE]{.smallcaps} U[NIT]{.smallcaps} {#sec1-2}
====================================================================================================================================================================================

There are several factors that make TI more challenging in ICU as compared to that in the OR \[[Table 1](#T1){ref-type="table"}\].

###### 

Challenges during tracheal intubation in Intensive Care Unit
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The incidence of complications during intubation in critically ill patients in the ICU and ED ranges from 22% to 54%, making emergency intubation a very high-risk procedure. [Table 2](#T2){ref-type="table"} summarizes the incidence of serious complications observed in some studies.\[[@ref1][@ref2][@ref3][@ref9][@ref10][@ref11][@ref12][@ref13]\] Two or more attempts at TI significantly increase the risk of complications.\[[@ref3][@ref14]\] In one study, complication rates in patients in whom two or more attempts were required, compared to those in whom intubation was successful at the first attempt, were aspiration (22% vs. 2%), hypoxemia (70% vs. 12%), and cardiac arrest (11% vs. 1%).\[[@ref9]\] These findings highlight the importance of improving the first attempt success in critically ill patients.\[[@ref14]\] The occurrence of aspiration and hypoxemia during emergency intubations increased the risk of developing a cardiac arrest by 22 and four times, respectively. An esophageal intubation was the most common cause of cardiac arrest and was associated with a seven-fold increase in the risk of death.\[[@ref15]\]
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Incidence of complications during tracheal intubation in critically ill patients
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P[REDICTING]{.smallcaps} D[IFFICULT]{.smallcaps} I[NTUBATION IN]{.smallcaps} I[NTENSIVE]{.smallcaps} C[ARE]{.smallcaps} U[NIT]{.smallcaps} {#sec1-3}
==========================================================================================================================================

Most conventional tests used at predicting difficult airway,\[[@ref16][@ref17]\] focus on anatomical features that make glottic visualization difficult and are difficult to perform in patients requiring during emergency intubation.\[[@ref18]\] The MACOCHA score\[[@ref19]\] has been recently developed to identify patients with potentially difficult airway in the ICU. This score not only considers patient-related anatomical difficulty but also physiological factors and operator experience. The components of the score are the presence of a Mallampati score of III or IV scoring five points, obstructive sleep apnea scoring two points and cervical immobility, limited mouth opening, coma, severe hypoxemia, and a nonanesthetist operator scoring one point each. The score thus has a maximum of 12 points, with zero points predicting an easy intubation and 12 points predicting a very difficult one. This test has a sensitivity of 73% and has not been validated for video laryngoscopy.\[[@ref19]\]

S[PECIAL]{.smallcaps} C[ONSIDERATIONS DURING]{.smallcaps} T[RACHEAL]{.smallcaps} I[NTUBATION IN]{.smallcaps} I[NTENSIVE]{.smallcaps} C[ARE]{.smallcaps} U[NIT]{.smallcaps} {#sec1-4}
==========================================================================================================================================================================

Presence of two operators (one experienced in airway management) {#sec2-2}
----------------------------------------------------------------

Studies suggest that the presence of an experienced operator during airway management, and supervision of junior doctors performing intubation by a senior consultant, can help reduce complications during TI in ICU.\[[@ref2][@ref20]\] Based on the available data, we recommend the presence of two operators during ICU intubations, with one being experienced in airway management.

Calling for help {#sec2-3}
----------------

In addition to the two operators present during intubation, we recommend calling for additional help at the earliest, when the first difficulty in airway management is encountered. We also recommend calling for additional help when the final attempt at rescue mask ventilation fails and emergency cricothyroidotomy is planned. An additional person, who has not been part of the process until then, may be able to think more rationally and perform better in this situation, in addition to being an extra helping hand.

Preoxygenation and peri-intubation oxygenation in Intensive Care Unit {#sec2-4}
---------------------------------------------------------------------

Oxygen desaturation is the most common complication occurring during intubation in the ICU and is the most common reason for aborting intubation attempts. Therefore, proper preoxygenation is important to prolong the time to desaturation during intubation and increase the chance of the first attempt success at intubation.\[[@ref21]\]

Three minutes of preoxygenation using noninvasive positive pressure ventilation (NIPPV) delivered by an ICU ventilator using a face mask; mask is more effective at reducing desaturation than by face mask with bag and reservoir.\[[@ref22]\]

High-flow nasal cannula (HFNC) oxygen delivered at 70 L/min through a device capable of providing heated, humidified oxygen has been compared with standard methods of preoxygenation with mixed results.\[[@ref23][@ref24]\] Miguel-Montanes *et al*. showed that HFNC oxygen administered at a flow rate of 60 L/min for preoxygenation and continued during the intubation, reduced the incidence of desaturation from 14% to 2%, compared with nonrebreather facemask preoxygenation. After preoxygenation with NIPPV, the addition of HFNC oxygen during attempts at TI significantly reduces the severity of desaturation.\[[@ref25]\]

Apneic oxygenation provided through an HFNC during laryngoscopy may decrease desaturation during intubation and may lead to a higher first-attempt success without hypoxemia.\[[@ref26][@ref27][@ref28]\] The use of an apneic oxygenation by simple nasal cannula at 15 L/min to prolong the duration of safe apnea after the administration of neuromuscular blockade has been advocated in the ED.\[[@ref28]\] However, a recent randomized trial did not show benefit of apneic oxygenation during TI in critically ill patients,\[[@ref29]\] possibly because the effectiveness of apneic oxygenation in the critically ill patient may be limited by the presence of illness-causing a physiologic shunt. Recently, the addition of supplemental oxygen through a nasal cannula in the presence of mask leaks has been shown to improve the end-tidal O~2~ during preoxygenation.\[[@ref30]\]

Hemodynamic stabilization {#sec2-5}
-------------------------

Hypotension after intubation is reported in nearly half of the intubated patients in ICU, with cardiovascular collapse occurring in 30% patients.\[[@ref31][@ref32][@ref33]\] Hemodynamic instability is an independent predictor of death following intubation.\[[@ref33]\] Peri-intubation hemodynamic instability has been shown to increase ICU stay and hospital mortality.\[[@ref31][@ref33][@ref34][@ref35][@ref36]\] These studies highlight the importance of fluid resuscitation in critically ill patients along with preoxygenation, to improve the safety of emergency intubations. In addition, preparedness and prompt treatment of postintubation hypotension with vasopressors and further fluid therapy are important. Although adequate fluid resuscitation can help prevent postintubation hypotension, proper selection of drugs for intubation is equally important.

Selection of pharmacological agents for tracheal intubation {#sec2-6}
-----------------------------------------------------------

Drugs such as benzodiazepines, propofol, and thiopental may be used in reduced doses; however, they decrease the systemic vascular resistance, produce myocardial depression and may cause precipitous fall in blood pressure, especially in the American Society of Anesthesiologists III-IV patients and those with hypotension.\[[@ref37][@ref38][@ref39]\] Drugs such as etomidate and ketamine are preferred in comparison in ICU. Although there are concerns about transient adrenal insufficiency with etomidate, especially in septic patients, there is no convincing evidence of harm.\[[@ref40]\] Ketamine, due to its sympathomimetic effects, helps to maintain blood pressure during intubation. When compared with etomidate, there was no difference in the rate of complications.\[[@ref41]\] Ketamine may cause hypertension, tachycardia, increased airway secretions, raised intracranial and intraocular pressure. Unless contraindicated, it should be the preferred induction agent for endotracheal (ET) intubation. Other agents such as opiates, dexmedetomidine, and lignocaine can be used as adjuncts to blunt sympathetic response to laryngoscopy.

The use of neuromuscular blocking agents not only improves the laryngoscopic grade of view but also the overall intubating conditions. The use of neuromuscular blocking agents has been shown to improve first-attempt intubation success with both rapid and delayed sequence intubation, irrespective of the choice of induction agent (ketamine or etomidate), or route of administration used.\[[@ref42][@ref43]\] Suxamethonium has been the conventionally used neuromuscular blocking agent of choice, unless contraindicated, due to its fast action facilitating early intubation without the need for ventilation. However, rocuronium at a dose of 1.2 mg/kg has comparable speed of action and intubating conditions to suxamethonium.\[[@ref44]\]

Device selection {#sec2-7}
----------------

Although more widely used in the OR, video laryngoscopy has been shown to increase first-attempt success and improve glottis visualization during intubation in the ICU, ED and in the prehospital setting, even in patients with a predicted difficult airway\[[@ref45][@ref46][@ref47]\] The meta-analysis by De Jong *et al*.\[[@ref45]\] comparing direct laryngoscopy with video laryngoscopy for TI in ICU showed that first-attempt success was twice as much when a video laryngoscope was used.

The NAP4 report of the intensive care and ED\[[@ref7]\] patients identified the nonavailability of appropriate equipment such as the flexible fiberoptic bronchoscope, lack of training to use the equipment, and failure to consider using the right equipment to be the most common issues with use of airway management devices in ICU. This highlights the importance of adequate training regarding airway equipment for ICU doctors and availability of appropriate devices for airway management in the ICU, just as is in the OR.

Rapid sequence induction {#sec2-8}
------------------------

Most of ICU patients are considered to have a full stomach, and securing the airway with a rapid sequence intubation seems logical. Either suxamethonium (if not contraindicated) or rocuronium may be used for neuromuscular blockade. Application of cricoid pressure may make the laryngoscopic view unfavorable. In such situations, cricoid pressure should be partially or completely released to improve the laryngoscopic view and later reapplied. Gentle mask ventilation while applying cricoid pressure before TI can prolong the time to desaturation and may be useful in patients with poor respiratory reserve and sepsis. A second-generation supraglottic airway device (SAD) offers greater protection against aspiration as compared to the first-generation devices\[[@ref48]\] and should be inserted if TI fails during a rapid sequence induction. Insertion of SAD insertion may become difficult if cricoid pressure is applied and thus should be released during insertion.

Confirmation of tracheal Intubation {#sec2-9}
-----------------------------------

The NAP4 report\[[@ref7]\] showed that failure to use capnography, contributed to 17 deaths or brain damage in ICU. Esophageal intubations and accidental tube displacements accounted for 82% of events leading to death or brain damage. This report strongly recommends the use of capnography for confirmation of TI in all critically ill patients, irrespective of location.

Human factors and training {#sec2-10}
--------------------------

Intubation in ICU is required at any time in the day or night and may often be performed by less experienced practitioner. In addition, considering the altered physiology of the critically ill patents, lesser time to desaturation, and higher risk of complications, these intubations may lead to very stressful situations,\[[@ref6]\] which may compromise the performance of the operator sometimes. Thus, airway management training should be an integral part of the training of any specialty which deals with critically ill patients. Use of simulation-based training will help enhance both technical and nontechnical skills and improve preparedness for this highly stressful situation. Use of an algorithmic approach and an intubation bundle may further improve performance.

The intubation bundle {#sec2-11}
---------------------

Bundles are a structured way of improving processes of patient care outcomes using a small, straightforward set of evidence-based practices, which when performed collectively and reliably, have proved to improve patient outcomes. Based on the available evidence, Jaber et al.\[[@ref49]\] proposed an intubation management protocol. Adherence to the protocol resulted in significantly lesser life-threatening complications such as severe hypoxemia, severe hypotension, or cardiac arrest (21% vs. 34%) and also mild to moderate complications (9% vs. 21%) compared to a conventional strategy. This bundle has ten components\[[@ref49]\] which include the presence of two operators, fluid loading with 500 ml saline, preparation of long-term sedation and preoxygenation for 3 min with noninvasive ventilation (100% oxygen, pressure support ventilation level between 5 and 15 cm H~2~O to obtain an expiratory tidal volume between 6 and 8 ml/kg, and positive end-expiratory pressure (PEEP) of 5 cm H~2~O) in case of acute respiratory failure in the preintubation period. Rapid sequence induction is performed using cricoid pressure with either ketamine or etomidate for induction and suxamethonium or etomidate for neuromuscular blockade. Postintubation components include immediate confirmation of tube placement using capnography, using norepinephrine if the diastolic blood pressure remains low, initiation of long-term sedation, and use of protective lung ventilation. While this bundle has not been validated, we believe it is a reasonable protocol for safe TI in the ICU.
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The AIDAA proposes a stepwise approach for the management of TI in ICU \[[Figure 1](#F1){ref-type="fig"}\]. It is important to remember that while following any step in the algorithm, if the oxygen saturation (SpO~2~) is not maintained or starts rapidly falling or bradycardia develops, one can bypass one or more steps and proceed to rescue ventilation and even emergency cricothyrotomy.

![All India Difficult Airway Association 2016 algorithm for the management of tracheal intubation in the Intensive Care Unit.](IJCCM-21-146-g003){#F1}

Step 1: Preoxygenation and induction of anesthesia {#sec2-12}
--------------------------------------------------

During intubation, the presence of minimum two persons is required, out of which one should be experienced in airway management. Preoxygenation should be done using noninvasive ventilation with a pressure support ventilation level between 5 and 15 cm H~2~O to obtain an expiratory tidal volume between 6 and 8 ml/kg and PEEP of 5 cm H~2~O (nasal cannula with an O~2~ flow of 15 L/min may be used in addition when there is a mask leak) or HFNC with 70 L/min of oxygen flow should be used. Preintubation fluid loading with 500 mL of saline should be given in the absence of cardiogenic pulmonary edema. The patient should be anesthetized using ketamine or etomidate and neuromuscular blockade provided with succinylcholine or rocuronium. IPPV may be performed using bag-valve mask with reservoir bag using external PEEP valve set to 5--10 cm H~2~O PEEP if available or IPPV using the ventilator maintaining a cricoid pressure throughout. Cricoid pressure should be given, but may be partially or completely released if ventilation is inadequate.

Step 2: Laryngoscopy and tracheal intubation {#sec2-13}
--------------------------------------------

If mask ventilation is successful proceed with TI using direct or video laryngoscopy. Nasal oxygen using O~2~ flow of 15 L/min or HFNC O~2~ should be continued. Do not exceed more than two attempts at intubation and repeat an attempt only if the SpO~2~ is ≥95%. Mask ventilation should be performed between attempts. Optimize position, use external laryngeal manipulations, partially or completely release the cricoid pressure to optimize the laryngoscopic view if required and use a bougie or stylet if required. Between attempts at intubation consider changing the device or technique, rather than repeating the same technique. Maintain depth of anesthesia throughout the intubation attempts. If mask ventilation is not possible, a single attempt at intubation could be made, provided the SpO~2~ is ≥95%. After intubation, confirm proper ET tube position using capnography along with clinical methods.

Step 3: Insert supraglottic airway device to maintain oxygenation {#sec2-14}
-----------------------------------------------------------------

If two attempts at intubation fail, or after a single attempt at intubation following unsuccessful mask ventilation fails, insert a SAD (preferably a second generation device) and ventilate to maintain oxygenation. Not more than two attempts should be made to insert an SAD and only if the SpO~2~ is ≥95%. Nasal oxygen using O~2~ flow of 15 L/min or HFNC O~2~ should be continued during SAD insertion. Perform mask ventilation between the attempts. Consider using a different type or size of SAD during the second attempt. Maintain depth of anesthesia throughout the insertion attempts. Once SAD insertion is successful and oxygenation is maintained consider performing a percutaneous or surgical tracheostomy for further airway management. Intubation through the SAD may be considered, but only under vision using a flexible fiber-optic bronchoscope. Intubation should not be attempted blindly through the SAD if a bronchoscope and the expertise to use it are unavailable.

Step 4: Rescue face mask ventilation {#sec2-15}
------------------------------------

If ventilation through the SAD fails, continue nasal oxygenation using O~2~ flow of 15 L/min or HFNC O~2~. Ensure complete neuromuscular blockade, repeat a muscle relaxant if required. Give one final attempt at face mask ventilation using optimal technique and adjuncts. If rescue face mask ventilation is successful proceed with a percutaneous or surgical tracheostomy. However, if rescue face mask ventilation is unsuccessful, there is "complete ventilation failure." Continue nasal oxygenation using oxygen flow at 15 L/min or HFNC O~2~ and call for additional help. Immediately, start performing emergency cricothyroidotomy before the patient desaturates further.

Step 5: Emergency cricothyroidotomy {#sec2-16}
-----------------------------------

Perform emergency cricothyroidotomy using needle or surgical cricothyroidotomy, based on familiarity and availability of equipment. If needle cricothyroidotomy is performed, maintain oxygenation using pressure regulated jet ventilation, until a tracheostomy is performed. If a wide bore cannula cricothyroidotomy set has been used or an ET tube has been passed through the front of the neck, continue ventilation manually or using a ventilator circuit.

S[UMMARY]{.smallcaps} {#sec1-6}
=====================

TI in the ICU is a potentially hazardous procedure, most commonly due to failing oxygenation and unstable hemodynamics during emergency intubations. The AIDAA stepwise approach emphasizes the importance of adequate supervision, good preoxygenation with noninvasive ventilation or HFNC oxygen at 60 L/min, maintenance of hemodynamic stability, use of IPPV with PEEP before intubation, and insufflation of oxygen at 15 L/min or HNFC O~2~ throughout the period of apnea. SADs have an important role in difficult airway management, and cricothyroidotomy is the procedure of choice when there is complete ventilation failure. We believe that the AIDAA guidelines will help increase the safety of TI in the ICU.
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